
OurRef.: 16820.P121 


UNITED STATES PATENT APPLICATION 


FOR 


WAFER TEMPERATURECONTROL APPARATUS AND METHOD 


Inventor: James Montague Cleeves 


Prepared By: 

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN 
12400 Wilshire Blvd., 7th Floor 
Los Angeles, California 90025-1026 
(310) 207-3800 


I ^'fy ^r f #.? B, this correspondence is being deposited 
™™l£2 tUd St0teS PoStal « ExpresZMdil No 

Ip75$15W 7 . addressed to: Commissioner of Patents and 
Trademarks, Washington, D.C. 20231, on 
Dedemher 29. 1995. 


nber 29 1995 A ^ 


vie Dean-Cross 


December 79 , 7QQ5 
Date 



J BACKGROUND OF THF INVENTION 

(1) Field of the Invention 

The present invention relates to the field of semiconductor wafers processing. 
5 More specifically, the present invention relates to an assembly for holding a wafer 
subject to a process. 

(2) Description of the Related Art 

Semiconductor wafers are typically subject to a multitude of processes such as 
etching, thin film deposition, etc. Typically, in a plasma etching process, 
10 semiconductor wafers are inserted in a vacuum chamber where they are subject to 
plasma discharge. Figure 1 shows a prior art plasma etching apparatus wherein the 
lower electrode 2 supports a wafer 4, subject to plasma etching. The wafer 4 is fixed 
in place, on the lower electrode 2, by a mechanical holding means such as a clamp 6. 
A gas container 8 including a heat transfer gas such as helium, by way of non- 
15 limiting example, is fed upwardly, relatively to this figure, to an aperture 10 of the 
lower electrode 2. The gas is then introduced into the volume defined between a 
top surface 12 of the lower electrode 2 and a bottom surface 14 of the wafer 4. 

Helium is typically introduced between the wafer 4 and the lower electrode 2 
for transferring heat between the wafer 4 and the lower electrode 2. The lower 
20 electrode 2 is maintained at a colder temperature by recirculating a cooling fluid via 
a channel 11 routed within the lower electrode 2. Conversely, the lower electrode 2 
can be maintained at a higher temperature, when such operation is required, by 
circulating a fluid at a higher temperature via the channel 11. Accordingly, the 
helium gas provides a medium for heat transfer between the wafer 4 and the lower 
25 electrode 2. 
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Generally, the etching of the wafer 4 is performed by applying a source of RF 
power to the lower electrode 2 and coupling the walls 19 of the process chamber 23 
to the ground. The etching of wafer 4 can be equally performed by applying the 
source of RF power to an upper electrode 24 while coupling the lower electrode 2 to 
5 the ground. When RF power is applied across these electrodes, i.e., the lower 
electrode 2 and the walls of the walls 19, a plasma discharge can be generated 
therebetween. In a preferred plasma etching process, fluorine-based plasma can etch 
a layer of Tungsten (W) of the wafer 4 by having the fluorine ions, disassociated in 
the plasma, react with the Tungsten layer of the wafer. The fluorine ions' reaction 
10 with the layer of Tungsten of the wafer causes the Tungsten layer to be etched. A 
Tungsten hexa-fluoride compound is formed as a result of the reaction. The 
reaction between the plasma and the wafer, as well as the power dissipated to the 
wafer surface, causes the temperature of the wafer to rise. As the temperature of the 
wafer increases, the selectivity to the underlying layers of the wafer decreases 
15 causing the etching to become uncontrollable. Because the etching process is 
temperature sensitive, it is desirable to provide a mechanism for controlling the 
temperature of the wafer as well as for maintaining a substantially uniform 
temperature across the wafer. 

The plasma etching process, generally, requires an inert gas, such as helium, 
20 to be introduced via the through hole passage 10 of the lower electrode 2 into the 
volume between the lower electrode 2 and the wafer 4. The heat transfer gas, 
however, is not limited to an inert gas, but can be any gas which can transfer heat 
with minimum heat loss and does not easily react with the process plasma in the 
process chamber 23. Typically, the heat transfer gas is maintained at a pressure 
25 which may vary between .1 and 15 Torr. Preferably 10 Torr is supplied from the heat 

transfer gas source into the volume between the st&steite 4 and the lower electrode 

A 

fe<w% 2. The pressure of the heat transfer gas typically exceeds the pressure in the 
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process chamber. Accordingly, the wafer 4 will bow as shown in this figure, thereby 

causing the center 18 of this wafer to be lifted further away, from the top surface 12 

of the lower electrode 2, than the periphery 16 of the Sfcb&fcrate. The bow-like shape 

A 

of wafer 4, with the periphery 16 close to the lower electrode 2, and the center 18 
5 spaced apart from the top surface 12 of the lower electrode 2, contributes to non- 
uniform heat transfer between the lower electrode 2 and the wafer 4, as more heat is 
dissipated towards the periphery 16 of the wafer 4 and less heat is dissipated towards 
the center 18 of the wafer 4. 

Additionally, the configuration shown in Figure 1 poses considerable 

10 problems with respect to the sealing of wafer 4 against the lower electrode 2. Since 
both the wafer 4 and the lower electrode 2 are typically made of a hard material, the 
surfaces, of the wafer and of the lower electrode, which are in contact with each 
other, may not be able to provide adequate sealing due to the poor conformability of 
hard surfaces. Consequently, minor variations in the surface of the wafer and of the 

15 lower electrode may cause the helium gas to leak out, thereby causing fluctuations 
in the pressure of the helium. 

It is desirable to provide for a plasma etching apparatus having a lower 
electrode supporting a wafer wherein a gas introduced between the lower electrode 
and the wafer produces substantially uniform heat transfer across the wafer. 

20 Additionally, it is desirable to provide for improved sealing between the wafer and 
the lower electrode. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention provides an assembly for holding a substrate. The 
substrate has a first surface, a second surface opposite the first surface, and an outer 
5 peripheral portion. The assembly includes a holding body having a support surface 
for supporting the substrate. The holding body has an aperture for passing 
therethrough a gas having a thermal conductivity. The assembly further includes a 
heat transferring seal having a first surface for frictionally engaging the second 
surface of the substrate. The heat transferring seal has a second surface, opposite the 
10 first surface, for frictionally engaging the support surface of the holding body. The 
heat transferring seal further has an inner peripheral portion defining an opening 
for receiving the gas. The heat transferring seal also has a thermal conductivity, 
closely matched with the thermal conductivity of the gas, for providing substantially 
uniform heat transfer across the substrate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


The features, aspects, and advantages of the present invention will become 
more fully apparent from the following detailed description, appended claims, and 
5 the accompanying drawings in which: 

Figure 1 shows a simplified prior art plasma etching apparatus; 
Figure 2 shows a perspective view of an assembly for holding a substrate 
according to the present invention; 

Figure 3 shows a cross-sectional view of the assembly according to the present 
10 invention; 

Figure 4a shows a first alternative embodiment according to the present 
invention; 

Figure 4b shows a second alternative embodiment according to the present 
invention; 

15 Figure 4c shows a third alternative embodiment according to the present 

invention; and 

Figure 5 shows alternative shapes for a substrate and for a heat transferring 
seal according to the present invention. 
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DETAILED DE SCRIPTION OF THE INVFMTTOM 

In the foUowing description, numerous specific details are set forth to provide 
a thorough understanding of the present invention. However, one having an 
ordinary skill in the art may be able to practice the invention without these specific 
details. In some instances, well-known circuits, structures, and techniques have not 
been shown in detail to not unnecessarily obscure the present invention. 

Referring to Figure 2, a perspective view of an assembly 200 for holding a 
substrate 20^according to the present invention, is shown. The substrate 204 has a 
first surface 206 oriented upwardly, relative to the figure. This surface 206 is 
typically etched, in a plasma etching apparatus (not shown entirely), by inserting a 
gas into a process chamber (not shown) in which the assembly 200 is placed. The 
substrate 204 can be, by way of non-limiting example, a silicon wafer. Substrate 204 
further has a second surface 208 (defined in part by the dotted line). Second surface 
208, facing downwardly relative to the figure, is positioned opposite to the first 
surface 206. Substrate 204 further has an outer peripheral portion 210. In this 
particular example, the shape of the substrate 204 is substantially circular. However, 
the present invention is not limited to a circular substrate. Other shapes of 
substrates are also included within the scope of this invention. 

The assembly 200, according to the present invention, further includes the 
holding body 212. This holding body is typically an electrode of aluminum which 
will be referred to as a "lower electrode." This electrode is used in the process of 
etching the substrate 204 in conjunction with a second electrode which is typically 
provided by the walls of the process chamber (not shown). This electrode, i.e., the 
25 holding body 212, as explained above, is typically coupled to a RF source while the 
walls of the process chamber are coupled to the ground. Conversely, if the electrode 
212 is coupled to the ground, the walls of the process chamber will be coupled to a 


15 


20 


16820.P121 


6 


DG/cm 


RF source. The holding body 212 has a support surface 214 positioned upwardly, 
relative to the figure, for supporting the substrate 204. The holding body 212 has an 
aperture 216 defined by a through hole (shown in dotted line) formed in the holding 
body 212. The through hole defined by the cylindrical wall 218 (shown in dotted 
5 lines) serves as a passage for a heat transfer gas, such as helium, which can be 

introduced between the holding body 212 and the substrate 204 when the assembly is 
assembled together. The aperture 216 can have a diameter of less than 1 millimeter, 
0^ by way of non-limiting example. A clam^typically locks the substrate 204 in 

retaining engagement with a heat transferring seal 220 according to the present p » 0 
^10 invention. The chm^2tfta a lower surface defined, in part, by the side edge» C 
fcS This lower surface of clamrJ^tlfrictionally engages the first surface 206 of the * 
substrate 204 when the assembly 200 is assembled. 

The assembly 200 further includes the heat transferring seal 220, according to 
the present invention. The heat transferring seal, in conjunction with the helium 
gas, provides substantially uniform heat transfer across the substrate 204 when the 
assembly is assembled. Additionally, the heat transferring seal 220 provides 
improved sealing between the holding body 212 and the substrate 204. The heat 
transferring seal 220, in the preferred embodiment illustrated in Figure 2, is an 
annular body having a first surface 224, oriented upwardly, relative to the drawing, 
for frictionally engaging the second surface 208 of the substrate 204. The heat 
transferring seal 220 further has a second surface (not shown) oriented downwardly, 
relative to the figure, opposite the first surface, for frictionally engaging the support 
surface 214 of the holding body 212. Additionally, the heat transferring seal 220 has 
an inner peripheral portion 226, defining an opening 228, for receiving 
therethrough a heat transfer gas such as Helium, by way of non-limiting example, 
flown via the aperture 216 of the holding body 212. The heat transferring seal 220 is 
made of a material having a thermal conductivity closely matched with the thermal 
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conductivity of the heat transfer gas for providing substantially uniform heat 
transfer across the wafer substrate 204. 

Figure 3 shows a cross-sectional view of an assembled assembly according to 
the present invention. As one can see from this figure, the present invention 
provides for the heat transfer seal 220 inserted between the lower electrode 212 and 
the substrate 204. While, typically, in conventional plasma etching assemblies, 
substrate 204 would be directly laid over the top of the electrode 212, in the assembly 
according to the present invention the heat transferring seal 220 is inserted between 
the lower electrode 212 and the substrate 204, thereby raising the periphery of the 
substrate 204 off the electrode 212. By moving the outer periphery 217 away from 
the electrode, the heat transfer between the lower electrode 212 and the portion of 
the substrate abutting the outer peripheral portion 217 is reduced. 

In the plasma etching assemblies of the prior art, the substrate 204 would be 
directly laid upon the holding body 212 and, thus, the ratio of the distance between 
15 the holding body and the center of the substrate and of the distance between the 
peripheral portion of the substrate and the holding body would be approximately 
infinite. Consequently, the discrepancy in heat transfer between the edge and the 
center of the substrate is substantial. By contrast, in the embodiment according to 
the present invention, as shown in Figure 3, the heat transferring seal 220 will raise 
the peripheral portion 210 of the substrate 204 to a distance substantially equal to the 
^ thickness of the heat transferring seal 220. In this case, assuming that the thickness 
of the heat transferring^eal 220 is approximately 75 microns^and the distance 
between the center 2i& of the substrate 204 and the first surfafe^M of the holding 
body 212 is approximately 350 -400 microns, the ratio between these distances will be 
25 finite and, thus, the discrepancy in heat transfer between the center and the 
periphery of the substrate will be substantially reduced. 


20 


16820.P121 


8 


DG/an 


Moreover, the heat transferring seal 220 is made of a material having a 
thermal conductivity close.y matching the thermal conductivity o, the hea, transfer 
gas for providing substantially uniform heat transfer across the substrate 
Accordingly, the heat transferring sea. provides for more than separating the outer 
penpheral portion of the wafer from the holding body. The hea, transferring seal 
220 provides a medium for transferring hea, which accounts for the thermal 
conductivity o, ,he heat transferring gas for the purpose o, providing uniform hea, 
transfer across the substrate. 

The ratio between the therm a , conductivities of the two hea, transfer media 
me gas and the hea, transferring sea,, can be calculated to take into account the 
datance D between me holding body and me substra,e at the center of the substrate- 
the distance T between the holding body and the substrate a, the periphery of the ' 
substrate; the pressure P of the gas, md the type of gas. Generally, the heat transfer 
between two objects having temperatures Tl and T2 is proportional to the difference 
15 » temperatures between the two objects (Tl - T2>. The heat transfer is also 

proportional to the thermal conductivity G of the object which transfers the heat 
and also to the cross-section of the hea, transfer path. A hea, transfer function Ht 
can thus be represented by the following function 

H T -F[G,(T1-T2),S]. 

20 Accordingly, one could define, for both the hea, transferring gas and for the hea, 
transferring sea,, a hea, transfer function according ,o me formula shown above 
Furthermore, by requesting mat the hea, transfer across the substrate will be 

substantially uniform, one can obtain the equation F(G Kas , (Tl - T2) S ) - Ffr 
m TOc , „ gas. Vi Sgas) - FIGjeai, 

(11 - T2), Sseal j. One could then determine the ratio or the relation between the 
25 thermal conductivity of the gas and the thermal conductivity of the seal such that 
the hea, transfer between the lower electrode and the substrate is substantially 
uniform across the substrate. 
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Additionally, the heat transferring seal 220 is made of a material which 
substantially conforms to variations in the surface of the holding body 212 and of 
the substrate 204. Such material, which can be by way of „on-.imi,ing example 
Kapton, is typically softer than both the holding body 212 and the substrate 204 A 
5 Kapton seal, in the assembhy according to the present invention, can conform to 
variations in the surfaces, of the substrate and of the holding body, of approximately 
5 rmcrons. Kapton, thus, can provide substantially airtight contact between the 
wafer 204 and the holding body 212. Moreover, the second surface (lower surface, of 
the Kapton seal can have an adhesive layer such that the Kapton seal can be locked 
10 m adhering engagement with the lower electrode 212. 

Going back to Figure 2, the heat transferring seal 220 has an outer peripheral 
portion 221 with a shape substantially conforming to the shape of the outer 
peripheral portion of the substrate 204. As the substrate 204 has a substantially 
circular shape, the shape of the outer peripheral portion 221 of the seal 220, in Figure 
15 2, is shown to be equally circular. Typically, the outer peripheral portion 221 of the 

seal has a perimeter with a size larger than the size of the perimeter of the outer 
■ peripheral portion 210 of the substrate 204. However, the inner peripheral portion 
226 of the seal 220 has a perimeter with a size smaller than the size of the perimeter 
of the outer peripheral portion of the substrate. By ensuring that the substrate and 
20 the seal are aligned concentrically, during the plasma etching process, the helium 
gas will be substantially prevented from escaping outside the volume denned by the 
substrate, the seal, and the lower electrode. 

Figure 4a shows a first alternative embodiment of the present invention 
wherein holding body 312 has a groove 317 abutting a peripheral portion 315 of 
25 the hoUing body 312. The groove 317, positioned between the peripheral portion 
315 and the main portion of the holding body 312, serves the purpose of separating 
the peripheral portion 315 from the rest of the holding body 312. As the heat 
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transfer is proportional with the cross section of the heat flow path, the heat transfer 
] b6tWeen P eri P h eral portion jj&f the holding body 312 and a main part of the 
holding body will be reduced due to the lower cross section of the portion 317. 
Accordingly the groove 317 serves, among other things, the purpose of reducing the 
) 5 heat transfer at a periphery 316 of substrate 304. The rest of the configuration of 
the assembly shown in Figure 4 is substantially similar with the configuration of the 
assembly shown in Figure 3 which is hereby incorporated by reference. 

Figure 4b shows a second alternative embodiment of the present invention 
wherein ttft holding body 412 has a groove 417 abutting a peripheral portion 415 of 
the holding body 412. The holding body 412 has a similar structure as the holding 
body 312 of Figure 4a, with the exception that the holding body 412 has a step down 
419 made in the upper part of this holding body by having a recess 421 carved in a 
] central portion « of the upper part of the holding body 412. Additionally, the heat 

transferring seal 420, in this particular embodiment, can be an 0 ring with a cross- 
15 section having a diameter or a width equal or greater than the width of the groove 
417. The heat transferring seal 420 performs a similar function, in this particular 
embSaWnt, as the heat transferring seal 220 and 320 in Figures 2 and 3. The heat 
transferring seal, in this particular embodiment, has the function of sealing the 
assembly, as the step-down 419 in the upper part of the holding body 412 takes care 
20 of providing the elevation desired at the peripheral portion of ^substrate 404 to 
balance the heat transfer between the holding body 412 and ^substrate 404. The 
stiffness of the heat transferring seal 420 should be such that the clamp 422 can 
maintain the substrate 404 in engagement with the peripheral portion of the 
holding body 412. 

25 Figure 4c shows a third alternative embodiment according to the present 

invention. As one can see, ^holding body 512 has a central upper portion 514 
having a curvature substantially conforming to the curvature of tte substrate 504. 


16820.P121 n 

DG/cm 


10 


A heat transferring seal 520, substantially similar with the one explained in 
conjunction with Figures 2 and 3 is placed upon the holding body 512. A peripheral 
| portion SErof the holding body 512 is thus in frictional engagement with a 
peripheral portion of a lower surface of the heat transferring seal The heat 
5 transferring seal has an upper surface which frictionally engages a lower surface of 
substrate 504. As one can see, the holding body 512 with the curved central upper 
portion provides for a substantially uniform gap between the substrate and an upper 
surface 519 of the holding body. This causes a more uniform heat transfer across the 
substrate 504. The rest of the features of the assemblies of Figures 4b - 4c are 
substantially similar with the features of the holding assembly illustrated in Figures 
2 and 3. Consequently, the features of the assembly described above in conjunction 
with Figures 2 and 3 are thus herein incorporated by reference. 

Figure 5 shows alternative shapes for a substrate and a heat transferring seal 
according to the present invention. As one can see, the substrate 512 and the heat 
transferring seal ^» lmu B d fla t pt*W52Z r * e8 pee^^ The 

^^^^ 

purpose for this flat portion at the periphery of the substrate 512 is to indicate the 
crystal orientation in the substrate 512. Buffer this structural difference, the 
features of the heat transferring seal 520 and the rest of the assembly are 
substantially similar with the features of the holding assembly illustrated in Figures 
2 and 3. The features of the assembly described above in conjunction with Figures 2 
and 3 are thus herein incorporated by reference. 

In the foregoing specification, the invention has been described with 
reference to specific embodiments thereof. It will however be evident that various 
modifications and changes can be made thereto without departing from the broader 
spirit and scope of the invention as set forth in the appended claims. The 
specification and drawings are, accordingly, to be regarded in an illustrative rather 
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than a restrictive sense. Therefore, the scope of the invention should be limited 
only by the appended claims. 
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